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Purpose: This study aimed to assess the prevalence, incidence, and associated factors of possible sarcopenia in a nationwide representative sample of the community-dwelling older Chinese population.

Methods:This study used the data of participants aged 60 years and over from the China Health and Retirement Longitudinal Study (CHARLS). Data on participants from three waves (2011–2015) of CHARLS were extracted. Possible sarcopenia was defined as low muscle strength or low physical performance, based on the Asian Working Group for Sarcopenia 2019 consensus. We first described baseline prevalence and four-year incidence of possible sarcopenia. Then multiple logistic regression and multivariable parametric proportional hazard model with Weibull distribution were used to examine the association of risk factors with baseline prevalence and four-year incidence of possible sarcopenia, respectively.

Results:The prevalence of possible sarcopenia was 46.0%. The four-year incidence of possible sarcopenia was 11.9 per 100 person-years. Multivariable analysis revealed that advanced age and depressive symptoms were associated with increased prevalence of possible sarcopenia, while receiving education and moderate or high physical activity were associated with a lower risk of possible sarcopenia prevalence. For incidence, only advanced age was associated with an increased risk of possible sarcopenia incidence.

Conclusion:Our study revealed the substantial burden of possible sarcopenia and related risk factors in community-dwelling settings in China. It highlighted the importance of early detection and intervention in this subclinical group for the prevention of sarcopenia.
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INTRODUCTION

Advancing age is accompanied by a series of physiological changes in body composition, one of which is characterized as the gradual decrease in muscle quantity and quality (1). When low skeletal muscle mass coexisted with low muscle function (muscle strength or physical performance), this geriatric syndrome is termed sarcopenia (2). Previous evidence reported the prevalence of sarcopenia, defined by the Asian Working Group for Sarcopenia (AWGS) 2014, ranged from 5.5 to 25.7% among the Asian population (3). For Chinese community-dwelling older adults, the pooled prevalence was 11–14% (4, 5). In the eastern area of China, the prevalence rate was 9.7% (6). Sarcopenia is associated with a series of adverse health outcomes, such as falls, fractures, frailty, physical disability, and hospitalization (7). However, sarcopenia develops insidiously, even with no obvious symptom in the early stage. In general, people with sarcopenia are not aware of this disorder until progressively decreased muscle function becomes severe enough, such as the occurrence of physical dependence (8). Therefore, to enable timely intervention, early screening and identifying the vulnerable individuals who are on the way to sarcopenia before resulting in adverse outcomes should be at the forefront of sarcopenia management.

Measuring muscle mass is an indispensable procedure in the diagnosis of sarcopenia. However, assessing muscle mass is still a challenge in primary care settings where reliable and validated diagnostic equipment is not easily accessible. To promote early identification of people at risk of, or on the way to, sarcopenia and raise awareness of sarcopenia prevention in primary care settings, the AWGS 2019 consensus proposes a new concept named “possible sarcopenia,” which refers to poor muscle strength or low physical performance (3). According to the AWGS 2019 algorithm for sarcopenia, the SARC-F or SARC-CalF questionnaire could be used for case-finding in community settings (3). For those whose SARC-F ≥ 4 or SARC-CalF ≥ 11, muscle strength and physical performance should be assessed to detect whether the possible sarcopenia exists. If possible sarcopenia is identified, early lifestyle intervention and preventive service should be provided for this vulnerable group (3).

The epidemiological information of possible sarcopenia is limited. At present, three cross-sectional studies have reported the prevalence of possible sarcopenia based on the AWGS 2019 consensus (9–11). One was conducted in Singapore, which recruited 536 adults aged from 21 to 90 years, with a prevalence of 15.3% (10). The other study was conducted in Korea, which recruited 2,123 older adults, with the prevalence as 20.1% in men and 29.2% in women (9), and the third one studied 6,172 Chinese participants, with the prevalence as 38.5% (11). However, no study reported the incidence of possible sarcopenia using the population-based longitudinal data, only the incidence of sarcopenia was examined in previous research (12, 13). Furthermore, no study examined the risk factors of the incidence of possible sarcopenia.

The purpose of this study was to estimate the prevalence and incidence of possible sarcopenia, according to the definition of the AWGS 2019 consensus, and to examine potential risk factors for both using a nationwide representative sample of community-dwelling older Chinese population aged 60 years and above. As a newly proposed concept in the updated guideline for sarcopenia, possible sarcopenia is less investigated. Epidemiological evidence of possible sarcopenia, such as prevalence and incidence, is the first step for decision-making regarding resource allocation in healthcare (e.g., prevention, screening, and treatment) and to develop preventive routines or healthcare services tailored to the growing older population. Identifying risk factors of possible sarcopenia could further help to prioritize screening and prevention programs for the particular subgroup(s).



METHODS


Design

This study was the secondary analysis of the China Health and Retirement Longitudinal Study (CHARLS).



Data Sources and Participants

This study used data from CHARLS, which is an ongoing longitudinal survey targeting a nationally representative sample of Chinese adults aged 45 years and over. Details of CHARLS have been reported elsewhere (14). Briefly, the baseline survey of the CHARLS was conducted in 2011, which involved 17,708 respondents (response rate: 80.5%) from 28 provinces in China. These participants were followed up every 2 years from 2011 to 2015. In this study, we included data from participants aged 60 years and over at the first wave (2011). Following previous studies on sarcopenia, we excluded participants with psychiatric or cognitive disorders, or cancer (15–18), because these conditions might affect their response to the survey or induce more uninformative censoring during follow-up. We also excluded those who had missing data either in the handgrip strength test or five-time chair stand test at baseline, because possible sarcopenia was defined based on the results of these two tests (3). Ethics approval for the data collection in CHARLS was obtained by the original authors of CHARLS from the Biomedical Ethics Review Committee of Peking University (IRB00001052-11015).



Measures
 
Possible Sarcopenia

Possible sarcopenia, at all three waves, was defined based on the AWGS 2019 consensus, as low muscle strength or low physical performance (3).

Muscle strength was assessed by handgrip strength. In CHARLS, handgrip strength was measured with the mechanical dynamometer (YuejianTM WL-1000, Nantong, China). Participants were instructed to bend the elbow with 90° and squeeze the dynamometer as hard as they can for a couple of seconds. For those unable to stand unassisted, sitting was allowed. In line with AWGS 2019 recommendation, each hand was tested twice separately, and the maximum reading of four measures was used to reflect handgrip strength. Low muscle strength was defined as the handgrip strength <28 kilograms (kg) in men and <18 kg in women (3). The handgrip strength would be coded as missing if participants did not appear to use full effort during the test, or if the measuring position was lying down or unknown, or if outlier data (defined as > 99 percentile or <1 percentile) were recorded (19, 20).

Physical performance was assessed by the five-time chair stand test. Participants were instructed to sit down and keep their arms folded across the chest. Then they were asked to stand up and sit down at their fastest pace five times consecutively, without stopping and moving arms. The time needed to finish the test was recorded by the examiner. As recommended by AWGS 2019, low physical performance was defined as needing 12 s or more to complete the task (3). Participants who tried but could not complete this test would be regarded as having low physical performance. Similarly, outlier data (defined as > 99 percentile or <1 percentile) of this test would be coded as missing (19).



Risk Factors for Possible Sarcopenia

Based on previous evidence on sarcopenia, similar risk factors were considered for possible sarcopenia, including age, gender, education level, marital status, residence, smoking and drinking status, physical activity (PA), depression, body mass index (BMI), and multimorbidity (10, 13).

Age was divided into three subgroups: 60–69, 70–79, and 80 and above. The highest education level was divided into four groups: illiterate, primary school, secondary school, and high school and above. The marital status of participants was categorized into two groups: married vs. single, divorced, or widowed. Rural or urban residence was determined based on the administrative division from the National Bureau of Statistics China (21).

Smoking and drinking status were grouped into three categories: never, ever but quit, and current use. As for PA level, the CHARLS collected information regarding the intensity, duration, and frequency of PA in a usual week. Three types of intensity (vigorous PA, moderate PA, and walking) and discrete time duration of PA were collected. In this study, we first calculated the volume of each type of PA by multiplying duration per day (minutes/day) with frequency (days), then transformed the volume into a metabolic equivalent value (MET) (walking = 3.3 MET, moderate PA = 4 MET, and vigorous PA = 8 MET) (22). Because CHARLS did not measure the exact duration of time per day regarding each type of PA, we could only obtain the range of duration time (0–30, 30–120, 120–240, and 240 min above). In that case, the daily duration of each type of PA was assessed by the average value of each time range. The total volume of PA (MET-minutes/week) was calculated as the sum of volumes of vigorous PA, moderate PA, and walking. Based on the IPAQ scoring protocol, the PA level was divided into three groups: low, moderate, and high PA level (22).

Depression was measured with the validated 10-item Center for Epidemiologic Studies Depression Scale short form (23, 24). Participants were asked to rate the frequency of each mood or symptom that occurred in the last week. Each item was scored ranging from 0 to 3. The total scores were calculated by summing all the item scores after reversing two items that were positively formulated (items 5 and 8). Depression was defined by the total score ≥12 (23).

Body mass index (BMI) was calculated as the weight in kilograms divided by the square of height in meters. BMI status was categorized into four groups: obese (BMI ≥ 25 kg/m2), overweight (23 kg/m2 ≤ BMI <25 kg/m2), normal (18.5 kg/m2 ≤ BMI <23 kg/m2), and underweight (BMI <18.5 kg/m2) (25). Multimorbidity refers to the coexisted presence of multiple chronic diseases (26). At present, the operational definition of multimorbidity in current literature varied a lot in the selection of different diseases and the cutoff point of the number of conditions (27). Based on a systematic review, the co-occurrence of two or more chronic conditions was most commonly used to define multimorbidity (27). Therefore, in this study, multimorbidity was defined as the existence of two or more chronic non-communicable diseases (28). The CHARLS investigated 14 diagnosed non-communicable diseases such as cardiovascular diseases, chronic lung diseases, liver diseases, and digestive diseases, etc. In this study, we only used 11 non-communicable diseases (psychiatric diseases, cognitive disorders, and cancer were excluded as these were the exclusion criteria of the participants) to define multimorbidity.




Statistical Analysis

Descriptive statistics on the sample characteristics were calculated for the total analytical sample. For incidence assessment, we only analyzed the data from participants who were free of possible sarcopenia at baseline. Those who lacked data to identify possible sarcopenia at both two follow-up waves (2013 and 2015) were excluded. Furthermore, to restrict interval censoring to within 2 years, we also excluded those who only lacked data on possible sarcopenia at the second wave (2013). Incidence proportion was calculated as new cases during the follow-up divided by the total number of at-risk subjects being followed. The four-year incidence rate of possible sarcopenia was calculated as new cases during 2011–2015 divided by the person-years of follow-up.

For the identification of risk factors, we only analyzed data from participants without missing data in the potential risk factors at baseline. We used multivariable logistic regression to examine the adjusted association between risk factors and prevalent possible sarcopenia at baseline. Adjusted odds ratio (OR) was estimated with 95% CIs. For the incidence of possible sarcopenia, the onset time could not be exactly detected because the CHARLS collected data every 2 years. For new cases during the four-year follow-up, the onset time was only known to lie in an interval time between the last wave of free of possible sarcopenia and the wave of the new diagnosis of possible sarcopenia. Therefore, the onset time was regarded as interval censoring. For those free of possible sarcopenia until the third wave, the data were regarded as right censoring. Right censored data can be regarded as the special case of interval censoring, with the interval unbounded on the right (29). For interval-censored data, if the lower bound, midpoint, or upper bound of the interval is assumed as the onset time, it may result in biased estimates because the inherent uncertainty of the exact onset time is ignored (30, 31). Parametric proportional hazards models are suitable to accommodate interval-censored data (32). Therefore, we assumed that the onset time of possible sarcopenia followed a Weibull distribution. A multivariable parametric proportional hazard model with Weibull distribution was fitted to detect the adjusted association of risk factors with the four-year incidence of possible sarcopenia. Adjusted hazard ratio (HR) was estimated with 95% CIs. When performing the above multivariable models, the potential multicollinearity was checked. The cutoff of correlation coefficient <0.8 was considered acceptable (33).

Considering the multistage probability sampling design and non-response in the CHARLS data, individual sampling weights with non-response adjustment were taken into account in the analysis. All analyses were conducted using Stata15.0 (34). Significance was set at the 0.05 level, with the two-tailed test.




RESULTS


Prevalence and Incidence of Possible Sarcopenia

Among the 17,708 participants in the first wave, 7,690 were aged 60 years and over. After excluding those with psychiatric and cognitive disorders (n = 485), cancer (n = 71), and those with missing data either in handgrip strength or the five-time chair stand test (n = 2,268) at baseline, a total of 4,866 participants were eligible for inclusion in analyzing baseline prevalence (50.3% of men, 49.7% of women; mean age: 67.7 ± 6.4 years old) (Figure 1). A total of 2,238 participants had possible sarcopenia at baseline, giving an overall prevalence rate of 46.0% (95% CI: 44.6–47.4%). The gender-specific prevalence of possible sarcopenia was 40.8% (95% CI: 38.8–42.7%) for men and 51.3% (95% CI: 49.3–53.3%) for women. Of those with possible sarcopenia, 304 participants (13.6%) only had low muscle strength, 1,452 participants (64.9%) only had low physical performance, and 482 participants (21.5%) had both poor muscle strength and low physical performance. Sociodemographic characteristics of those included in the prevalence analysis were shown in Table 1.


[image: Figure 1]
FIGURE 1. Flowchart of participants selection.



Table 1. Characteristics of participants at baseline.
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For incidence analysis, we only included those free of possible sarcopenia at baseline (n = 2,628). After deleting those with insufficient data to identify possible sarcopenia at the second wave (n = 874), and at both two waves (n = 0), a total of 1,754 participants were included in the incidence analysis (Figure 1). At the end of wave three, there were 661 new cases of possible sarcopenia. The overall incidence proportion during the four-year follow-up was 37.7% (95% CI: 35.4–40.0%), with 36.9% (95% CI: 33.8–40.0%) for men and 38.7% (95% CI: 35.4–42.1%) for women. The four-year incidence rate of possible sarcopenia was 11.9 per 100 person-years (95% CI: 11.1–12.9). The gender-specific incidence rate was 11.7 per 100 person-years (95% CI: 10.5–13.0) for men and 12.3 per 100 person-years (95% CI: 11.0–13.7) for women.



Risk Factors of Possible Sarcopenia

For risk factors analysis, we only included those free of missing data in baseline covariates (n = 1,830 for prevalence analysis and n = 666 for incidence analysis). Adjusted associations of risk factors with prevalent and incident possible sarcopenia were shown in Table 2. Participants who received education (primary: OR = 0.624, 95% CI: 0.479–0.812; secondary: OR = 0.558, 95% CI: 0.371–0.839; and high and above: OR = 0.250, 95% CI: 0.138–0.450, as compared to illiteracy) and had moderate or high PA level (moderate PA: OR = 0.622, 95% CI: 0.432–0.896 and high PA: OR = 0.501, 95% CI: 0.374–0.671, as compared to low PA level) were associated with lower prevalence of possible sarcopenia. However, those who were older (70–80 years: OR = 1.848, 95% CI: 1.390–2.458 and 80 years and above: OR = 3.737, 95% CI: 1.864–7.494, as compared to 60–70 years) and had depression symptoms (OR = 1.689, 95% CI: 1.316–2.167) presented an increased risk of prevalent possible sarcopenia. As for incident possible sarcopenia, only advanced age (70–80 years: OR = 1.516, 95% CI: 1.054–2.180; 80 years and above: HR = 4.035, 95% CI: 1.761–9.246, as compared with 60–70 years) was significantly associated with increased risk of incident possible sarcopenia.


Table 2. Risk factors of the prevalence and incidence of possible sarcopenia.
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DISCUSSION

This study examined the prevalence, incidence, and risk factors of possible sarcopenia in a nationwide representative sample of Chinese older adults. We found 46.0% of older adults had possible sarcopenia at baseline, which indicated that a large proportion of older adults had poor muscle function and were on the way to sarcopenia. Our estimated prevalence of possible sarcopenia was much higher than that in Singapore (15.3%) and Korea (20.1–29.2%) (9, 10). The cross-sectional investigation in Singapore recruited relatively younger adults, with 44.5% participants aged less than 60 years (age: 21–90 years and mean age: 58.5 years), which might account for the lower prevalence than our estimate (10). Compared with the other study in Korea, the difference in prevalence estimates was probably due to different operational definitions used to define possible sarcopenia (9). Furthermore, our prevalence from CHARLS 2011 was higher than that based on CHARLS 2015 dataset (46.0 vs. 38.5%) (11). The difference in the prevalence estimates might be due to the different lifestyles (e.g., alcohol drinking: 42.1 vs. 33.1% and smoking: 42.5 vs. 47.3%) between the two samples. Given that Wu and colleagues did not examine the PA level, it was unknown whether two samples also presented different PA levels.

At present, no other study examined the incidence rate of possible sarcopenia. Compared with existing evidence regarding the incidence of sarcopenia, the coexisted low muscle mass and low muscle strength/low physical performance, the incidence of possible sarcopenia reported in this study was much higher (12, 13, 35). For example, previous literature reported that the incidence proportion over a four-year period in community-dwelling older adults in China was 8.1% (35). Another cohort study found the three-year incidence rate of sarcopenia in British older adults was 3.7 per 100 person-years (13). The present study revealed the substantial burden of possible sarcopenia in community-dwelling settings in China, which indicated the high proportion of vulnerable older residents need early prevention of sarcopenia.

This study found the cross-sectional association of age, education, PA level, and depression with prevalent possible sarcopenia. The older age group showed a higher risk of prevalence, which indicated the advanced age was a significant independent risk factor of decreased muscle function. Consistent with existing evidence (10, 36), our findings indicated that older adults who received education and were physically active might be associated with better muscle function. Furthermore, our results showed the depressive symptom was associated with an increased risk of the prevalence of possible sarcopenia, which was consistent with current evidence regarding the cross-sectional association of depression with sarcopenia and its components, though different measurements were used to assess depression (37, 38).

In terms of incidence, only age was significantly associated with incident possible sarcopenia. Biological changes in tissues and organs during the aging process, such as the gradual decline in cellular metabolism and tissue regeneration, the decrease in muscle mass combined with a progressive increase in fat mass, and the function decline in the body system, are the pathogenic mechanism for the multisystem aging syndromes, such as frailty (39). Sarcopenia is regarded as the precursor syndrome or physical component of frailty (40). Though it is well established that the loss of muscle mass and function is accelerated with aging, the decline in muscle quantity and quality can be delayed or even reversed by timely lifestyle interventions involving exercise training and nutrition management targeting the older population (3). It is never too late for older adults to rebuild their muscles and preserve their function (41). Under this circumstance, the AWGS 2019 consensus proposes the entity of “possible sarcopenia” to promote our awareness of sarcopenia prevention in community and prevention settings. Our results showed no significant association between education level and the incidence of possible sarcopenia. Similar findings were also reported in previous cohort studies (12, 13). In view of the limited literature about possible sarcopenia, future longitudinal studies could consider further examining the predictive value of socioeconomic status on incident possible sarcopenia. Though PA is a well-known risk factor of sarcopenia, our finding showed no significant association between the PA level and the four-year incidence of possible sarcopenia. Similarly, the insignificant association of self-reported PA level and the incident sarcopenia was also reported in previous literature (12, 13). The insignificant effect of self-reported PA on the incident possible sarcopenia might reveal that PA had a relatively short-term effect; hence, the incidence of possible sarcopenia or sarcopenia was not associated with a baseline level of PA which had a time gap of several years. Future research could consider examining the longitudinal association between the trajectory of PA level and the incidence of possible sarcopenia or sarcopenia. Furthermore, previous evidence suggested that aerobic exercise had little effect on muscle strength or mass compared with resistance exercise (42). However, in this study, the PA only reflected the intensity level, and no information was available to further identify the type of exercise, such as aerobic or resistant exercise. Therefore, the PA level alone might be not enough to reveal the real association between PA and possible sarcopenia or sarcopenia. Moreover, our study also found an insignificant association between depression and the incidence of possible sarcopenia. As referred to the current evidence about the risk factors of incident sarcopenia, the insignificant association between depression and the incidence of sarcopenia was also reported in previous research (13, 43). Due to different definitions of depression and sarcopenia applied in current research, the results might be less comparable across studies. Future longitudinal studies are needed to further confirm the association between depression and the incidence of possible sarcopenia or sarcopenia using the same definition or diagnosis criteria to define depression, possible sarcopenia, or sarcopenia.

The major strength of this study was that we used a nationwide representative longitudinal database with large sample size. However, this study had some limitations. First, given that the CHARLS did not investigate the exact questions of the SARC-F questionnaire, we did not use the SARC-F or SARC-CalF questionnaire for case-finding. Instead, we directly assessed the muscle strength and physical performance to detect the possible sarcopenia. Future studies could consider constructing and validating SARC-F by using similar questions collected by the CHARLS, which could promote the sarcopenia assessment using nationwide population-based data. Second, in this study, we excluded participants with psychiatric, cognitive disorders, or cancer. However, due to data availability, we did not know the specific kinds and stages of psychiatric, cognitive disorders, and cancer. Therefore, we might exclude participants with just mild conditions that should be eligible in this study. Nevertheless, we conducted a supplementary analysis to include those with psychiatric, cognitive disorders, or cancer. The prevalence and four-year incidence of possible sarcopenia were 46.7% (95% CI: 43.4–48.1%) and 12.1 per 100 person-years (95% CI: 11.2–13.0), respectively. The estimates were similar to the main results. Furthermore, findings from the risk factor analysis were also consistent with our main results (Supplementary Table 1). Third, participants missing physical function tests at baseline might be frailer and more likely to suffer from possible sarcopenia. Therefore, this study might underestimate the prevalence of possible sarcopenia. Nevertheless, as those with possible sarcopenia at baseline had to be excluded from the analysis, the estimate of incidence of possible sarcopenia was less likely to be affected. Moreover, we did not include all possible risk factors of possible sarcopenia due to the lack of relevant data, such as dietary intake, nutritional status, osteoporosis, and the number of prescribed medications. Therefore, our results might be open to unmeasured confounders. Furthermore, some circulating biomarkers of sarcopenia, such as the C-reactive protein and interleukin 6, were not considered in this study. Although data about the C-reactive protein were available in the CHARLS dataset, we only focused on the risk factors of demographics and lifestyle behaviors in this study. It was because demographics and lifestyle factors were more accessible in community settings and more relevant to identify the at-risk population and inform the early lifestyle intervention. Future studies targeting the associations between biomarkers and possible sarcopenia could be conducted. Furthermore, the imprecise measurement of PA level might introduce uncertainty and might bias the estimation. Besides, there were missing values in some baseline covariates, by using the complete cases in the analysis, the statistical power might be reduced. However, we conducted a supplementary analysis with multiple imputations, and the results showed the factors identified from the complete data analysis remained significant (Supplementary Table 2). Finally, some baseline covariates such as PA level, smoking and drinking status, depression symptoms, and BMI might change during the four-year follow-up. However, we only examined the predictive role of the baseline level for all covariates on the four-year incidence. Future studies may investigate the association between changes in these variables and possible sarcopenia incidence.



CONCLUSION

This study examined the prevalence and incidence of possible sarcopenia as well as the associated factors in Chinese community-dwelling older adults. Advanced age, not received education, physical inactivity, and depression symptoms were associated with an increased risk of possible sarcopenia prevalence, while only advanced age was associated with an increased incidence rate of possible sarcopenia. Early screening and lifestyle intervention for these at-risk populations are encouraged in the primary care service of sarcopenia prevention.
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